Background
Introduction
In knee injuries, posterior cruciate ligament (PCL) tears are much rarer than anterior cruciate ligament tears. The previous studies have reported an incidence between 1 and 47% for PCL injuries in acute knee ligament injuries [1] [2] [3] [4] [5] [6] Although many studies have focused on the anterior cruciate ligament, the natural history, treatment and outcomes of a PCL-deficient knee have not been clearly described. [7] The appropriate treatment for isolated PCL injuries remains a controversial topic in knee surgery. [7] [8] [9] [10] Traditionally, nonoperative treatment of isolated PCL tears has been recommended, and reconstruction surgery has been reserved for cases of persistent instability or multifilament injuries. [11] [12] [13] However, another debate remains regarding the topic of subjective knee function and subsequent osteoarthritic changes in PCL-deficient knees. [14] [15] [16] [17] An epidemiological study found that a history of knee injury is correlated with an increased risk of osteoarthritis (OA). [18] Another long-term follow-up study reported that patients with knee injury had at least a 5-fold increased risk of developing knee OA. [19] Previous studies have reported that 50% of patients underwent surgery for isolated ACL injuries, and 26% underwent surgery for isolated PCL injuries. [20] [21] [22] Patients with isolated PCL tears may have few functional problems; however, in one study, 26% of patients reported residual instability. [17] Many studies of PCL insufficiency focus on the problem of functional instability, and few emphasize the potential for increasing degenerative arthritis. However, instability may not be the major problem after PCL injury. Chronic pain, activity discomfort, and joint effusion may begin after early articular cartilage degeneration.
One study suggests that PCL-deficient knees are at risk of subsequent meniscal injury or arthritis. [23] In a biomechanical cadaveric study, increased strain on both the medial and lateral menisci in PCL-deficient knees was reported. [24] Another retrospective review of PCL-deficient patients 13 years after injury reported a 21% rate of subsequent meniscal tears; as the time since the injury increased, increased articular degeneration was observed on radiographs. [25] In recent years, PCL reconstruction has become an increasingly common choice for treatment to reduce posterior laxity. However, it is still unclear whether PCL reconstruction will improve subjective symptoms or prevent OA compared with nonoperative treatment, and previous studies have had limitations such as small sample sizes or short follow-up times.
This nationwide cohort study with a long follow-up used data from the National Health Insurance Research Database (NHIRD) in Taiwan to estimate the risk of poor prognoses (including subsequent meniscus tear, OA and total knee replacement (TKR) surgery) in the knee after PCL injury for patients treated surgically compared with those treated non-surgically.
Methods

Data sources
Data from the NHIRD were used to investigate the risk of progressive meniscus tear, OA and TKR surgery in patients with PCL injury with or without PCL reconstruction over a 15-year period. The data were drawn from the Longitudinal Health Insurance Database in Taiwan  (2000-2015) , which is a valid representative sample of the country's total population of 23,000,000. The Taiwan National Health Insurance Program has been in place since 1995, and as of June 2009, it included contracts with 97% of medical providers and approximately 23 million individuals, more than 99% of the entire population in Taiwan. [26] The NHIRD contains all hospital outpatient and inpatient medical payment records and uses International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes to record diagnoses. Several studies have demonstrated the accuracy and validity of the diagnoses in the NHIRD. [27] [28] [29] [30] This study used Longitudinal Health Insurance Database 2000 (LHID2000) for further analysis. LHID2000 is a subset database of the NHIRD and comprising random cases of two million people included in the NHIRD data from 2000. The sex distribution between the LHID2000 and NHIRD showed no significant difference (χ2 = 1.74, df = 1, p-value = 0.187). The Institutional Review Board of Tri-service General Hospital approved this study (TSGHIRB No. 2-104-05-126) and the committee waived the need for written informed consent.
Study design and population
This cohort study investigated patients with PCL injury who underwent PCL reconstruction surgery and a reference group of patients with PCL injury who received conservative treatment during the evaluation period. We evaluated the risks of meniscus tear, OA and TKR surgery in PCL injury patients who underwent PCL reconstruction surgery and those who did not. We used the ICD-9-CM codes to identify diagnoses in the NHIRD related to PCL, meniscus tear, OA and total knee replacement. Patients with PCL injury (defined by ICD-9-CM code 717.84) reported before December 31, 2015, were included in the analyses. There was a total of 5,789 patients with PCL injury in the database. The first date of PCL injury diagnosis was defined as the date of onset. All the subjects were followed up from the onset of PCL injury until the onset of meniscus tear (ICD-9-CM 710.0-710.5, 836.0-836.2), OA (ICD-9-CM codes 715. 16, 715.26, 715.36, or 715 .96), total knee replacement (ICD-9-CM OP81.54) or the end of 2015. The exclusion criteria were unknown sex (6 patients); age less than 18 years at the onset of PCL injury (2 patients); date of meniscus tear, OA and TKR onset prior to PCL injury (1370 patients); and reconstruction date before the date of the PCL injury (242 patients). Finally, a total of 4,169 patients with PCL injury were included in the study analysis. A flow diagram of the study cohort selection and study design is provided in Fig 1. 
Statistical analysis
All analyses were performed using SPSS software version 22 (SPSS, Inc., Chicago, Illinois, USA). χ2 and t tests were used to evaluate the distributions of categorical and continuous variables, respectively. Multivariable Cox proportional hazards regression models was used to determine the risk of meniscus tear, OA and total knee replacement; the results are presented as HRs with 95% CIs. The differences in the risk of subsequent meniscus tear, OA and TKR between the two groups (with or without PCL reconstruction) was estimated using the Kaplan-Meier method with the log-rank test. A 2-tailed P value < 0.05 was considered significant.
Results
Prevalence of meniscus tear, osteoarthritis and total knee replacement in patients with and without PCL injury
According to the assessed data from January 1, 2000, to December 31, 2015, a total of 5,789 patients were diagnosed with PCL injury, and 4,169 patients fulfilled the eligibility criteria. As Table 1 shows, we identified 4,169 patients with PCL injury and 16,676 patients for the non-PCL injury comparison cohort. No significant differences were observed in sex and age at baseline. At the end of follow-up (Table 1) , 47 (1.13%, 47/4,169) patients in the PCL injury group had developed a meniscus tear, compared with 37 (0.22%, 37/16,676) in the control group; 113 (2.71%, 113/4,169) patients in the PCL injury group developed knee osteoarthritis, compared with 317 (1.90%, 317/16,676) in the control group; and 38 (0.91%, 38/4,169) patients in the PCL injury group received TKR, compared with 103 (0.62%, 103/16,676) in the control group. All these results showed statistically significant differences (P < 0.05). Characteristics of the prevalence, covariates, and comorbidities at the end of follow-up for patients with PCLR compared with those without PCLR Of the patients with PCL injuries, 2,694 underwent PCL reconstruction surgery (the PCLR group); and 1,475 patients received conservative treatment and served as the control group (Fig 1) . In our study, no significant differences in sex were observed between the group that underwent surgery and the controls at baseline. At the end of follow-up (Table 2) , 11 (0.41%, 11/2,694) patients in the PCLR group developed meniscus tear, compared with 36 (2.44%, 36/ 1,475) in the control group; 62 (2.30%, 62/2,694) patients in the PCLR group developed knee OA, compared with 51 (3.46%, 51/1,475) in the control group; and 13 (0.48%, 13/2,694) patients in the PCLR group had TKR, compared with 25 (1.69%, 25/1,475) in the control group. All these results showed statistically significant differences (P < 0.05). There were no significant differences between the PCLR and control groups in sex, covariates and comorbidities, but there was a statistically significant difference in age groups (P < 0.001).
Kaplan-Meier model for cumulative risk of meniscus tear, osteoarthritis and total knee replacement in the groups with and without PCLR
The cumulative incidence curve for meniscus tear, OA and TKR in PCLR group were all significantly lower than that for the control group over the 15-year follow-up period, after adjustment for age, sex, and comorbidities (Fig 2, log-rank test; P < 0.05). In the control patients, the risk of meniscus tear, OA and TKR increased progressively with the duration of follow-up and remained persistently higher than that of the PCLR group. HRs and incidences of poor prognoses stratified by sex, age group, and comorbidities by using Cox regression for patients with PCLR compared with controls
Cox proportional hazards regressions analysis revealed a decreased risk of poor prognoses (including meniscus tear, OA and TKR), with an adjusted HR of 0.468 (95% CI, 0.341-0.642), in the PCLR group after adjustment for sex, age, and comorbidities (Table 3 ). No significant difference was noted between males and females. Compared with patients who had PCL injury at younger than 25 years, those who experienced PCL injury at age 25 to 50 years or older than 50 years exhibited approximately 0.4-fold (adjusted HR = 0.452, 95% CI = 0.288-0.710) and 0.7-fold (adjusted HR = 0.788, 95% CI = 0.477-1.300) lower risks of OA, respectively. Further, we analyzed the association between late PCL reconstruction and the risk of poor prognoses (Table 4) . After adjusting for covariates, the PCL-injured patients who underwent reconstruction within one year after PCL injury showed a significantly lower risk of poor prognoses than those who never received reconstruction (within 1 month: adjusted HR = 0.390, 95% CI = 0.284-0.535; 1 month to 1 year: adjusted HR = 0.546, 95% CI = 0.398-0.748).
Discussion
To date, there has been a paucity of information on the long-term outcomes of PCL-deficient patients. [4, 11] The present study provides an initial report of the incidence of meniscal tears, arthritis and the need for TKR in a population-based sample of patients with PCL tears compared to matched subjects without PCL tears. In this cohort, PCL injuries were more common in males than females, which is comparable to previous reports. [4, 8, 31 ] The rates of secondary meniscal tears, arthritis and the need for TKR were all significantly higher than those of the matched subjects without PCL tears. The progression of degenerative articular cartilage changes in patients with PCL-deficient knees is still a topic of debate in current studies. Previous studies have indicated that the PCLdeficient knee could be well tolerated and preferred a conservative treatment in most cases. [1, 3, 15, 16] Fowler et al. [16] reviewed 13 PCL-injured patients with a mean 2.6 years follow-up and found acceptable functional stability in these patients; they indicated that non-operative treatment may be a viable alternative. Shelbourne et al. [15] followed 215 PCL-deficient patients with a mean time of 7.8 years after injury and found that their subjective scores were less than normal, but subjective knee function did not worsen with time. Patel et al. [1] followed 57 patients with PCL injuries with an average follow-up of 6.9 years and noted the grade of PCL laxity had no significant correlation with the Lysholm-II knee scores; however, radiographs revealed mild degenerative changes in the medial compartment (grade I) in 7 and moderate degenerative changes (grade II) in 3.
Although previous results have shown that patients may tolerate a PCL-deficient knee with relatively mild symptoms, many studies have revealed altered loads and kinematics in the PCL-deficient knee. Logan et al. [32] revealed alterations in the kinematics of the medial compartment of the knee, resulting in anterior subluxation of the medial femoral condyle with an increased incidence of OA in the medial compartment. Hewett et al. [33] observed sagittal translation (compared with the non-involved knee) at both the medial and lateral tibial plateaus. Skyhar et al. [34] concluded that higher loads acted on the patellofemoral and medial compartment after sectioning of the PCL. Van de Velde et al. [35] used MRI and fluoroscopy to evaluate changes in tibiofemoral mechanics and found a more anterior and medial location of peak cartilage deformation on the tibial plateau. These facts show that increased forces act on the cartilage of the medial compartment because contact areas change; these changes may lead to the development of medial articular lesions in the PCL-deficient knee.
The natural course of the PCL-deficient knee, particularly the progression of degenerative articular cartilage changes, is still a focus of current debate. Parolie et al. [3] suggested that isolated PCL injuries may not lead to degenerative cartilage changes. However, more recent studies have found that PCL tears can cause meniscus and cartilage damage with a greater risk of the onset of OA. [13, 14, 17, [36] [37] [38] [39] Geissler et al. [40] studied intraarticular abnormalities in 88 PCL-deficient knees and found articular chondral defects at the medial femoral condyle in 49% of chronic PCL-deficient knees with 65.5 months follow-up. Strobel et al. [41] evaluated 181 patients with non-surgically treated PCL injuries and found that 77.8% had degenerative cartilage lesions in the medial femoral condyle and 46.7% had degenerative lesions in the patella. Shino et al. [38] reported that 4 out of 22 PCL-deficient knees presented articular cartilage lesions at the medial femoral condyle. Hamada et al. [39] found meniscal tears in 17 of 61 cases (28%) and cartilage lesions in 32 of 61 knees (52%) after PCL injury. These findings clearly show that PCL insufficiency increases the likelihood of cartilage degeneration over time.
Our reports also found that PCL deficiency leads to the progression of meniscus tears and osteoarthritic changes after injury. These results raise concerns regarding the need to restore stability with PCL reconstruction to avoid progressive degeneration. The aim of ligamentous reconstructions is to restore the biomechanics and normal loads of the knee to regain stability and prevent further meniscus or cartilage damage. Previous reports have shown that PCL reconstruction results in improved subjective knee scores. Jackson et al [42] studied the long-term outcomes of 26 patients who underwent PCL reconstruction using hamstring tendon autografts; they reported [44] evaluated twenty-one PCL reconstruction patients with 5.9 years following up and found that more than 50% had normal/nearly normal functional scores and activity levels based on the International Knee Documentation Committee (IKDC) assessment. These findings show that patients who undergo PCL reconstruction experience a satisfactory return to daily activities. There were few studies evaluated the association of with /without PCL reconstruction and the progression of degenerative changes. [37, 45] Hermans et al. [37] evaluated 25 patients who underwent PCL reconstruction with a mean follow-up time of 9.1 years and found no differences between the chondrosis and non-chondrosis groups on the initial radiographic findings. Only 18% of the patients in the non-chondrosis groups developed mild radiographic abnormal findings; however 92% of the patients in the chondrosis group progressed to mild to moderate abnormal radiographic findings. This study concluded that in the absence of chondrosis, the onset to radiographically detectable osteoarthritis was prevented in the majority of patients with PCL reconstructions at long-term follow-up. In our study, the rates of secondary meniscal tears, arthritis and the need for TKR were all significantly lower than those of the matched subjects without PCL reconstruction (Fig 2) , which suggest that PCL reconstruction has the protective effect in preventing further degeneration of knee joint in patients with PCL tear.
A previous study also noted that extending the non-operative treatment period for more than 1 year in patients with posterior instability could decrease the long-term functional results of PCL reconstructions. [37] The study showed that 75% patients in the non-operative group tended to have more cartilage damage compared with the patients in the PCLR group treated within one year after PCL tear (41%). Delayed reconstruction resulted in worse functional scores and final radiographic findings. The final results suggest the benefit of not delaying surgery for more than 1 year after the injury. In the present study, the analyses showed that PCL-injured patients with late reconstruction had a higher risk of OA, and patients who underwent early PCL reconstruction (within 1 year after PCL injury) had a significant decline in OA risk. The cumulative incidence of TKR was lower in the patients who underwent PCL reconstruction. As the present study showed that PCL reconstruction also protected patients from osteoarthritic change, it is reasonable to propose that PCL reconstruction might delay the timing of TKR.
The current study has several limitations. The data from the NHIRD were obtained from a claims-based database; thus, the precise diagnoses and severity of PCL injury, meniscus tear or osteoarthritic change could not be determined. In addition, the data could not be used to determine the type of surgical methods and grafts used for PCL reconstruction. Meniscus tear and TKR were only used as the following-up outcome to reveal the severity of OA. Some potential confounding variables (such as trauma history and BMI) were also difficult to be accessed, because the NHIRD lacks these data. The following period from 20000 to 2015 is relative not long enough to evaluate really long-term outcome, and longer following-up period is still needed in the future study. The strengths of the present study include that the national insurance claims database covered all medical clinics and hospitals in our country, and a random sample of a consistent percentage could be obtained from all hospitals. The other advantages of the present study include the large sample size and the use of precise ICD-9-CM codes for the diagnosis of disease and following-up treatment.
Conclusion
In the present study, we found that patients with PCL tears have a significantly higher risk of meniscus tear, arthritis and TKR than matched peers without PCL tears. Patients who had undergone PCL reconstruction had a decreased incidence of meniscus tear, OA and TKR surgery compared with patients who were treated conservatively. We further observed that patients who underwent reconstruction within 1 year after PCL injury experienced a significant protective effect against these poor prognoses. The results of this study can provide a baseline of expectations for the future development of meniscal injury and arthritis following PCL injury with and without PCL reconstruction.
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